A theoretical study of hydrogenolysis of a C-X bond of 2-methyltetrahydrothiophene (2-MTHT), 2-methyltetrahydrofuran (2-MTHF) and 2-methylpyrrolidine (2-MP) molecules, over molybdenum disulfide (MoS 2 ) and tungsten disulfide (WS 2 ) has been performed by MP2 calculations in the Lanl2DZ basis set. Both catalysts were modeled by catalytic sites with three anionic vacancies MoS 3 H 3 + and WS 3 H 3 + respectively. The temperature and pressure conditions respected in the study are respectively 573 K and 70 atm. The obtained results shown that, the Hydrogenolysis of a C-X bond of methyled carbon of 2-MTHT and 2-MTHF molecules led to the formation of 1-pentanethiol and 1-pentanol adsorbed over the each catalyst. On the other hand, in the case of the 2-MP molecule, the catalytic site was implicated in the reaction with formation of hydrogen sulfide (H 2 S). The Hydrogenolysis activation energies of various transformations were variable from MoS 2 to WS 2 catalysts except for 2-MTHT. In presence of a same kind of catalyst, the activation energies of Hydrogenolysis of the C-X bond (methyled carbon atom) of 2-MTHF and 2-MTHT increase in the order X = O, S.
INTRODUCTION

2-methyltetrahydrothiophene
(a), 2-methyltetrahydrofuran (b) and 2-methylpyrrolidine (c) are three homologous heterocyclic molecules which have the molecular formula C 5 H 10 X where X = S, O or NH (Figure 1 ). Those heterocyclic molecules are often met among the crude oil residues which are submitted to hydrotreating in oil industries (Proskouryakov et al., 1983; Zdrazil, 1982; Mensah, 1987) . During an industrial process of hydrotreating of crude oil, heteroatoms such as S, O and N, are eliminated from heterocyclic molecules. The reaction is carried out over catalyst, under pressure of hydrogen (H 2 ) at high temperature. As example, by Hydrogenolysis of C-S bonds, the sulfur atoms of sulfured molecules are eliminated in the form of hydrogen sulfide (H 2 S). The molecules are then transformed into saturated or unsaturated hydrocarbons (Brunet et al., 2005; Romero et al., 2009; Kpotin, 2010) .
In the present work, we studied the hydrogenolysis of a C-X bond (X = S, O and NH) of methyled carbon of 2-MTHT, 2-MTHF and 2-MP molecules in conditions of 570 K (temperature), under hydrogen pressure of 70 atm, over MoS 2 and WS 2 catalysts respectively. These last conditions are close to those implemented in industrial setup conditions (Brunet et al., 2005; Mey, 2004; Lauritsen, 2004; Furimsky, 2000; Rollman, 1977; Lee et al., 1984; Tauster et al., 1981) . Both catalysts are modeled by the catalytic sites of MoS 3 H 3 + and WS 3 H 3 + types respectively (Joffre et al., 1984; . The aim of the study is to foresee the most favorable catalyst to the Hydrogenolysis of those bonds.
MATERIALS AND METHODS
Calculation methods and drawings of chemical systems:
Calculations were carried out by MP2 method (Moller, 1934) , in Lanl2DZ basis (Chaquin, 1995) , using the program Gaussian-09 (Frisch et al., 2009) . Those calculations concern the transition states (TS) of different transformations which have been determinate by the Berny algorithm (Peng, et al., 1996) , the IRC paths, and the thermodynamic and kinetic parameters such as reaction energies (E) and activation energies (Ea). The calculation method MP2 was chosen because it is the most effectual method when the studied system contains more than twenty atoms, as that is the case for all our studied systems. In addition, this calculation method provides also excellent descriptions of chemical systems containing inorganic or organometallic bonds (Hehre et al., 1986) . The Lanl2DZ basis takes account of the presence of heavy atoms (Mo and W) which are in the studied chemical system (Chaquin, 1995) . The drawings of chemical systems were produced with GaussView 5.0.8.
This work was carried out at the "Laboratoire de Chimie Théorique et de Spectroscopie Moléculaire" of "Université d'Abomey-Calavi" in Benin and conjointly on servers of the Department of Chemistry, Rutgers University, Camden, New Jersey, USA.
Reactions Modeling:
The first stage of the reaction modeling is the adsorption of each molecule on the catalytic sites MoS 3 H 3 + and WS 3 H 3 + . This reaction simulation consisted to approach the molecule of the catalytic site while looking for the optimized geometry where the system reaches its lowest energy state. In this state, the adsorption is supposed to be realized (Figure 2a) . Then, a H 2 molecule is approached to the resulting [Site-Molecule] complex obtained at the adsorption (Figure 2b ).
The hydrogenolysis is realized when the C-X bond is really broken with addition of a hydrogen molecule on the heterocyclic molecule ( Figure 2c Tables 1 and 2 are summarized the values of some optimized geometric parameters (distances and angles), computed for those systems. The values of tables 1 and 2 shown that, the geometries of the three molecules have very weakly varied from the beginning to the end of their adsorptions on the catalytic sites. Indeed, the variations rates of all the interatomic distances and angles have been lower than 5%, for each of those molecules. But, the greatest variations of interatomic distances correspond to increasing of distances X 16 C 1 and X 16 C 2 . Thus, at the adsorption, those bonds are stretched and, then, their ruptures will be better probable, in the following stages of the process of hydrotreating, because of the catalyst presence. (Byskov et al., 1999; Cramer et al., 1979; Gate, 1992; Raybaud et al., 1998) . In addition, for the three molecules, the absolute values of calculated adsorption enthalpies (ΔH ads ) are higher than 100 kJ.mol -1 ( were established at the adsorption. Then, the adsorption of each of these molecules would be chemisorption (Atkins et al., 2008 (Robert et al.,1990 ; Heath et al., 1974; Achim, 1978) . Then, these bonds were established at the adsorption. In addition, on the second catalyst, the absolute values of calculated adsorption enthalpies (ΔH ads ) are higher than 100 kJ. mol -1 for the three molecules ( were also established and the adsorptions on WS 2 would be chemisorptions (Atkins et al., 2008) . (Jamart et al., 2009) (Kpotin et al., 2012 (Cramer et al., 1979; Robert et al. 1990) . (Table 6 ). These last values are very close of standard data about the lengths of H-C and H-S bonds (Rabinovitch et al., 1991 (Rabinovitch et al., 1991 (Gate, 1992) . (Rabinovitch et al., 1991) . Thus, like the reaction over the catalyst MoS 2 , there has not been a Hydrogenolysis of the bond N 16 C 2 . Furthermore, the molecule of hydrogen disulfide doesn't really seem to take form clearly.
Finally, the studied catalysts have not favored the Hydrogenolysis of the C-N bond of 2-MP.
The schemes of studied reactions are presented on the Figure 8 .
Energetic study of Hydrogenolysis paths:
The energetic study of reactions is made from calculations of IRC/paths and the thermodynamic and kinetic parameters such as reaction energies (E) and activation energies (Ea).
The results of calculations are given on the Table 7 and The plotting of IRC/Paths of the Figure 9 , shown that the final energy of each of studied systems is lower than its energy at the beginning of reaction. This indicates that, all the studied chemical transformations are exoenergetic. This is the justification of negative values of reaction energies E (Table 7) . ).
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In presence of the catalyst MoS 2 the activation energies decrease in the order S, O and N (Ea S  Ea O  Ea N ).
In presence of each of both catalysts and in same conditions of temperature and pressure (573 K, 70 atm), the Hydrogenolysis of the C-X bond of the molecule of 2-MTHF is easier than that of 2-MTHT. Indeed, over each catalyst, the activation energies are always in order Ea (2-MTHF)  Ea (2-MTHT) (Table 7) 
CONCLUSION
The theoretical study of Hydrogenolysis of C-X bond between the methyled carbon and heteroatom of molecules 2-MTHT, 2-MTHF and 2-MP, in presence of catalysts MoS 2 and WS 2 has revealed that, at the temperature of 573 K and pressure of 70 atm, the reaction happens only for 2-MTHT and 2-MTHF. For these molecules, the reactions led to the formation of 1-pentanethiol and 1-pentanol, adsorbed over the each catalyst, respectively. In the case of the 2-MP molecule, the Hydrogenolysis is not really performed, because the catalysts (especially MoS 2 ) have been implicated in the reaction with the formation of hydrogen sulfide (H 2 S). The reaction in presence WS 2 has not been so much favored.
From point of view of analysis of energetic data computed, the Hydrogenolysis of bond C-S of the molecule 2-MTHT has passed over the same energetic barrier in presence of both catalysts. But, for the 2-MTHF the reaction have been easier in presence of WS 2 catalyst. In presence of each of one of both catalysts, the Hydrogenolysis 2-MTHF has been easier than that of 2-MTHT.
